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The EUROTRANS projetThe EUROTRANS projetThe EUROTRANS projet

EURopeanEURopean research program for the research program for the TRANSmutationTRANSmutation of high level of high level 

nuclear waste in an Accelerator Driven Systemnuclear waste in an Accelerator Driven System

Main GOALS of the EUROTRANS programMain GOALS of the EUROTRANS program

-- Advanced design of a 50Advanced design of a 50--100 100 MWthMWth eXperimentaleXperimental facility demonstrating the technical facility demonstrating the technical 

feasibility of Transmutation in an ADS feasibility of Transmutation in an ADS (XT(XT--ADS/MYRRHA, shortADS/MYRRHA, short--term realisation)term realisation)

-- Generic conceptual design (several 100 Generic conceptual design (several 100 MWthMWth) of a European Facility for Industrial ) of a European Facility for Industrial 

Transmutation Transmutation (EFIT, long(EFIT, long--term realisation)term realisation)
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Transmutation DemonstrationTransmutation Transmutation DemonstrationDemonstration
1. MYRRHA/XT1. MYRRHA/XT--ADS (ADS prototype)ADS (ADS prototype)

Goals:Goals:

-- Demonstrate the conceptDemonstrate the concept
(coupling of accelerator + (coupling of accelerator + 
spallation target + reactor), spallation target + reactor), 

-- Demonstrate the transmutationDemonstrate the transmutation

-- Provide a fastProvide a fast--spectrum spectrum 
irradiation facilityirradiation facility for material & for material & 
fuel developments fuel developments 

Features:Features:

-- 5050--100 MWth power100 MWth power

-- kkeffeff around 0.95around 0.95

-- 600 MeV, 2.5 mA proton beam 600 MeV, 2.5 mA proton beam 

-- HighlyHighly--enriched MOX fuelenriched MOX fuel

-- PbPb--Bi Eutectic coolant & targetBi Eutectic coolant & target

2. EFIT (Industrial 2. EFIT (Industrial TransmuterTransmuter))

Goals:Goals:

-- Maximise the transmutation Maximise the transmutation 
efficiency efficiency 

-- Easiness of operation and Easiness of operation and 
maintenance maintenance 

-- High level of availability for a High level of availability for a 
costcost--effective transmutation effective transmutation 

Features:Features:

-- Several 100 MWth powerSeveral 100 MWth power

-- kkeffeff around 0.97around 0.97

-- 800 MeV, 20 mA proton 800 MeV, 20 mA proton 
beam beam 

-- Minor Actinide fuelMinor Actinide fuel

-- Pb coolant & targetPb coolant & target
(gas as back(gas as back--up solution)up solution)
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Proton beam specificationsProton Proton beambeam specificationsspecifications
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ADS linac reference schemeADS ADS linaclinac referencereference schemescheme SUPERCONDUCTING LINACSUPERCONDUCTING LINAC

Highly modular and upgradeable; Excellent potential for reliabilHighly modular and upgradeable; Excellent potential for reliability ; Very good efficiencyity ; Very good efficiency
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352 MHz RFQ characteristics
352 MHz DTL characteristics

Linac front-endLinacLinac frontfront--endend

-- Classical 4Classical 4--vane RFQ with moderated vane RFQ with moderated KpKp

-- DTL booster using CH structures (KONUS beam DTL booster using CH structures (KONUS beam dyndyn.).)

-- 17 17 MeVMeV gained in less than 15 gained in less than 15 metresmetres
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... ...

704 MHz ELIPTICAL LINAC 0.5704 MHz ELIPTICAL LINAC 0.5704 MHz ELIPTICAL LINAC 0.5704 MHz ELIPTICAL LINAC 0.5 704 MHz ELIPTICAL LINAC 0.65704 MHz ELIPTICAL LINAC 0.65704 MHz ELIPTICAL LINAC 0.65704 MHz ELIPTICAL LINAC 0.65

90 MeV90 MeV90 MeV90 MeV
600 MeV600 MeV600 MeV600 MeV

Superconducting linacSuperconductingSuperconducting linaclinac

...

352 MHz SPOKE LINAC352 MHz SPOKE LINAC352 MHz SPOKE LINAC352 MHz SPOKE LINAC

-- Modular, independentlyModular, independently--phased accelerating structures phased accelerating structures 

-- Moderate gradients (50mT Moderate gradients (50mT BBpkpk, 25MV/m , 25MV/m EEpkpk) & energy gain per cavity) & energy gain per cavity

-- Overall length: about 225 Overall length: about 225 metresmetres
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Earth level

linac level (~-5m)

target level (~-30m)

Beam dump 

casemate

-- Final beam line guarantees the position of Final beam line guarantees the position of 

the beam spot and ensures that only particles the beam spot and ensures that only particles 

of nominal energy are delivered of nominal energy are delivered 

(doubly(doubly--achromatic lines)achromatic lines)

-- Also guarantees the required Also guarantees the required ““donutdonut--shapeshape””

distribution at the target (redundant beam scanning)distribution at the target (redundant beam scanning)

Final beam line to reactorFinal Final beambeam line to line to reactorreactor
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Code package crucial Code package crucial capabilitiescapabilities

�� «« Close to realClose to real »» beambeam tuningtuning proceduresprocedures usingusing simulatedsimulated diagnosticsdiagnostics

�� Use of 3D Use of 3D fieldfield mapsmaps for for mostmost of the of the elementselements ((focusingfocusing magnetsmagnets, RF , RF cavitiescavities), ), highhigh--orderorder

aberrations aberrations takentaken intointo accountaccount for the for the othersothers ((dipolesdipoles) ) 

�� PossibilityPossibility to to performperform statisticalstatistical errorerror studiesstudies

Advanced reference design : Beam DynamicsAdvanced Advanced referencereference design : design : BeamBeam DynamicsDynamics

... with assessed start... with assessed start--toto--end beam dynamicsend beam dynamics

• Linac Tuning: using non destructive on line beam diagnostics

• Reliability: fault scenarios

• Beam losses ( < 1 W/m)
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Main Reliability Requirement: Beam TripsMain Main ReliabilityReliability RequirementRequirement: : BeamBeam TripsTrips

Very low number of trips ( < 1 sec)Very low number of trips ( < 1 sec)

-- to avoid thermal stresses & fatigue on the ADS target, fuel & asto avoid thermal stresses & fatigue on the ADS target, fuel & assembly sembly 

-- to provide good availability.to provide good availability.

-- SPECIFICATION : less than N per operation cycle  (3 months SPECIFICATION : less than N per operation cycle  (3 months -- 1 month stop)1 month stop)

( N ~ 5 for MYRRHA / XT( N ~ 5 for MYRRHA / XT--ADS)ADS)

Major guidelines to improve reliability:Major guidelines to improve reliability:

1.1. Strong component design (Strong component design (““overdesignoverdesign””, , ““deratingderating””))

2.2. Inclusion of Inclusion of redundanciesredundancies in critical areasin critical areas

3.3. Enhance the capability of Enhance the capability of faultfault--toleranttolerant operationoperation
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Ion source & LEBTIon source & LEBTIon source & LEBTIon source & LEBT

50 50 50 50 keVkeVkeVkeV

MEBT

...
352 MHz SPOKE LINAC352 MHz SPOKE LINAC352 MHz SPOKE LINAC352 MHz SPOKE LINAC

Front end : Redundancy

Strong Component Design (derating)

• SRF cavities Accelerating Gradients: important margins

• RF power amplifiers: important margins

• Couplers, tuners: robust design

• RF control electronics: robust design 
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Beam trip Thermal 
Transient Calculations

1 sec

5 sec

10 sec

1800°C

300°C

Slope:

~ 1 K in 1 ms
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Fast fault-recovery scenarioFastFast faultfault--recoveryrecovery scenarioscenario
retuning should be performed in less than 1 second in the case oretuning should be performed in less than 1 second in the case of a failure eventf a failure event

�������� Definition of a rDefinition of a reference eference ““fast faultfast fault--recovery scenariorecovery scenario””

-- detect (or anticipate) the RF faultdetect (or anticipate) the RF fault (via dedicated diagnostics & interlocks) (via dedicated diagnostics & interlocks) 

& trigger beam shut& trigger beam shut--down down 

-- update the new LLRF field and phase setupdate the new LLRF field and phase set--pointspoints of the correcting cavities of the correcting cavities 

(data have been determined & stored in (data have been determined & stored in FPGAsFPGAs during commissioning) during commissioning) 

-- detune the failed cavitydetune the failed cavity (w/ (w/ piezopiezo--actuators) and switch off the failed RF loop actuators) and switch off the failed RF loop 

-- trigger beam retrigger beam re--injectioninjection once steady state is reachedonce steady state is reached

< 1 sec
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Classical Linac reliability analysisClassicalClassical LinacLinac reliabilityreliability analysisanalysis

GOAL of the ANALYSISGOAL of the ANALYSIS

-- Estimate the number of malfunctions of the XTEstimate the number of malfunctions of the XT--ADS accelerator that cause a ADS accelerator that cause a 

beam/plant shutdown, per period of operation (3 months = 2190 hobeam/plant shutdown, per period of operation (3 months = 2190 hours)urs)

-- AnalyseAnalyse the influence of the influence of MTBFsMTBFs (Mean Time Between Failures), (Mean Time Between Failures), MTTRsMTTRs (Mean (Mean 

Time to Repair), and of the degree of redundancy & faultTime to Repair), and of the degree of redundancy & fault--tolerance on the resultstolerance on the results

-- Goal MTBF: better than 500 hoursGoal MTBF: better than 500 hours
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Linac reliability analysisLinacLinac reliabilityreliability analysisanalysis
CLASSICAL LINAC DESIGNCLASSICAL LINAC DESIGN

-- ““allall--seriesseries”” (simplified) components(simplified) components

-- every component failure leads to a every component failure leads to a 
global system failure global system failure 

-- poor MTBF, mostly due to the poor MTBF, mostly due to the ~~150 150 
RF unitsRF units

RELIABILITYRELIABILITY--ORIENTED DESIGNORIENTED DESIGN

-- same components same components MTBFsMTBFs

-- duplicated injector with fast switching magnetduplicated injector with fast switching magnet

-- faultfault--tolerance in the SC tolerance in the SC linaclinac
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MTBF results

without cryogenic systems



Tomas JUNQUERA Workshop on Applications of High Intensity Proton Accelerators Fermilab Oct. 19-21, 2009 17

Conclusions:

• Reliability: need of more calculations and experimental results on 

thermal stress and fatigue of reactor components

• design optimisation (cost reductions if some risks are acceptable)

• additional specifications for beam power ramping up/down (after

beam trips)

• more specifications on interfaces between accelerator beam

systems and  ADS core (safety aspects)

• develop the study, prototyping and test of all electronics and 

computing systems playing a role in fault handling, in order to allow

fault-tolerance


